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7 ‘The purpose of thig. circular. is to pneeeit information @ the eonstruction 
end use of reinforced rubber-jacketed ‘tubing. and insulating airline couplings 

in coal mines where Airdox is used for breaking coal.in order to eliminate, 

insofar as possible, arcing, at the tage between acai ee eng the a 

or other face equinment. | eee 8 | | ee | 


| 7 | — AROWLEDOT =; | | 
The informatio given by the W. Me ‘Hales Co.,’ ‘Gitaa Di,, end the 


Peabody Coal Co., Taylorville, Tll., regarding the cmstruction and use of 
rubb erJ acketed pie and aaa i is gratefully ee 


ork completed Decanber, 1945. The Bureau of Mines will welcame reprinting 
of this paper, provided the following footnote acknowledgnent is used: . 
"Reprinted fran Bureau of Mines Information Circular 7515." 

2/ Mining electrical engineer, Coal-Mine Inspectia Brench, Health and Safety 

Division, Bureau of Mines, Vinoennes , » Inde 
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| GENERAL INFORMATION 


Sinoe ite introduction into coal mines, the use of Airdox has grown ih ~ 
popularity, especially in the Indiana and Dlinois coal fields. Its use per 
mite breaking down coal mm shift, ‘whereas the use.of explosives for blasting 
coal on shift is. prohibited. by law in those States. Many of the hazards om- 
nectei, with: the use af. explosives ére eliminated. The accident experience in 
the use of Airdox lias been excellent with reapect. to. the, ae of fatalities 
or serious injuries per miJion. tons mined. - 


The Federal Mine Safety Code specifies that Airdox lines’ should be grounded 
at the canpressor send at other points of low resistance along the lines but 
should not be comnected to tracks, pipe lines, or other possible power can- 
ductors. The majority of operators in the Indiana and Jllinois coal mines, 
in whi ct Airdox. ds used, approve the ‘precautions embodied in the code regulations 


hazards tameede 


If Airdog. ‘Lines’ are grounded: an eee hain the Code, the following 


ld 
@ @e 


main haniaee track. re a ae, ‘poor ponding, ‘broken ponds, lLocse: joints, 

or broken rails are comma, Because of such conditians, the track,- which 
ordinarily serves as the return conductor for a direct-ourrent systen, fre- 
quently.will have a potential above ground potential, and it will vary according 
to the load and how seriously the contimiuity of the retum oircuit has be@m 
impeired. Suph, conditions will result in sparking or arcing at the face if. 

the Airdox line, or copper ‘thbing neer the face cotacts . the rail. or the 
fremes .of track-mounted equipment, because generally the = 

(Airdox) line .ig maintained ‘at or near ground potential. ~*~ 


2. A men handling an Airdox shell near the face Guia cietein- én electric 
ehock of varying severity if he were in.contact with the track under the con- 
ditians: mentioned above... Also, a persm hendling a shell could receive a 
shook: if the. Airdox, line. should socidentally touch the. trolley wire. 


as Sane investi getors ‘believe thet electrolysis may osour as & result 
of stray currents trensferring fran the track to the pipe line, or vice versa, 
if the line and track are not bonded together, Airdox lines ‘that have bee . 
in service for many years in Indiana end Illinois mines have shown RO appre~ 
clable effects of sca aa where an effort has been made to isolate the 
Lines, oe fe Los A 

bs With reckless celia such as 3 mbbartired end caterpillammounted 

machines , sparicing or arcing at the face will occur if an: electrical fault 

contact the Airdax copper: tubing, However, this could ooour whether or not 
Airdox lines are, camnected to the track. | ee 


If Ad raox Lines are bended to the track, the rolteiing. hacards persists 
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1. The lines became part. of the ‘electrical: xeturn circuit end are, ; 
therefore, power conductors. ‘In producing sectiais of: coal mines where track. 
ealme-is the return. conductor, broken bonds; -reils., or Loose joints - may cause: 
air lines to trenamit a considerable part of the retum current; this is unde 
sirable. Moreover, 1f a load is an the system inby a broken tradc, and the — 
breek is close to live workings, a man handling a shell will be subject to | 
shock, depending on the divisim of current end resistance of tiie material | 
upa@n which the man is standing. 


2. Blectrolysis might be ienoeak jesus poor eisai. broken reils, 
broken bands, or loose joints will cause variable voltages to be impressed 
upon the pipe line as well as upm the track. -As a result, current might flow 
fran the pipe line to the track, or ¥ioe versa, at points where the line con- 
tacts a damp. floor ox roof, which serves as an electrolyte. Possible current 
transfer to or fram tho pipe line, dependent an the diversity of Loads 5 will 
cause deterloration of the pipe. by electrolytic actim. The action would be 
rapid if bonding connections between the pipe line and ae were Loosely made’ 


or became. Loose. « 


Be “Bonding air lines to the eck presupposes the installation of, much 
lines ‘on houlage ronds, hich is-hazaranus. a Ee 


Regent ‘development of an insulating eaiglane end a seinroncet rubber= 
jacketed tubing en eliminate rane at the face and aieo tae possibility 
or electric ae. 7 _ a a ee 


_ | - BUBEER-JAGGRTED TUBING - ee ae 

* Retnforced. ‘bees acketed tabing hhas® been itenodnbed: to ; wuppiane’ the: 
use of copper tubing. in fece regions; The rubber tubing is ‘mamfectured in’ 
50-foot. lengths end is ysed hetween the.Airdox shell and the blow-dewm weve” pe 
To protect the rubber tubing from damage by broken coal, a short copper-tube © 
"pig-tail" is attached to the shell, and copper tubing of varying lengths also 
is used as a lead fran the, blow-down valve. The rubber tubing is equipped with . 
3/€-inch bresg.male couplings oh each end pressed in place by a patented insthod.* 
dhe inner side of a coupling sleeve contacts the steel. reinforcing in they . | 
tubing, which is itself an electrical conductor, but is covered with 4 well * —. 
constructed rubber jacket.’ A:coupling sleeve has a length of approximately 
1-3/8 inches, which assures an adequate contact surface. ‘the rubber tubing * 
is coupled to the short lengths of copper tubing fram the shell and blow-down 
valve by “Cardox Exmeto" fittings that have been suitably tested forthe service 
intended. “Such an arrangement. assures an insulated air-lane conductor’ betwen _ 
the face and 50 feet therefran. . ‘The’ likelihood of the short copper "pig-tati™ 7 
contacting reils or equipment at the face is. considered remote. © When coal. 
is broken with.Airdox, no. other equipmeit is at the face, and the copper “ . 
*pig-toil” is as short.as possible. Arcing Will occur, however, at ‘the outby~ * 
end of the rubber tubing where it is‘ coupled to the copper tubing attathed to ~ 
the bhlow-down yalve if-it should’ ‘contact equimment or track with a difference = 
of potential existing between the air liné and the trace. However,’ if suck” ; 
arcs occur, they would be 50 feet-fran the-face. - ~ 
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The rubber tubing cae an inside alasetes of 1/4-inch and an over all 
diameter of 11/16-inch; The cross section from the inside of the tubing 
outward is as follows: a synthetic-rubber tube is covered, by 1 ply of high 
tensile- strength steel braid that is covered with 1 ply of synthetic rubber 
and then another ply of high-tensile steel braid. The outer steel braid is 
covered with a ‘cotton braiding, and a substantial rubber jacket serves as 
the outermost covering of the tubing. a 


The cross section of the rubber tubing and a short pieco of the ae 
with coupling ere ee: are shown -in figure. 1. 


INSULATING COUPLINGS - 


Ata coe ‘of the mining - electrical engineers of the pitek of Mines . 
in Pittsburgh, Pa, in October 1947,.4it.was agreod that to eliminate the hazard _ 
of arcing at the face an insulating coupling should be inserted botween the 
copper tubing on tho Airdox shell and the air lino, Arcs are caused when. 
contact is made betweon the air line and the track or equipment if the afr 

noe and track or othor ener are eat diffcront clectrical potentials. 


A Large coal operator in Illinois developed an insulating coupling that 
— been in bah aae for a considerable time and is giving satisfactory results. 


“the coupling consists of two 1/2- by 3-1/2 by 1-inch machined-steel,_ 
blocks. The steel blocks are center-drilled with l~-inch holes that are 
threaded to receive the l-inch steal~pipe air line. Corner holes 3/l-incm 
in diameter also are drilled in the blocks, so that they may be bolted 
together’ with, $/8&inch machine bolts with hexagon mts». Insulating bushing, 
3/4—inch outside dismeter, are used in the bolt holes to insulate the bolts 
fran.the steel: plates, ‘Three insulating blocks, 3/8=inch thick and 3-1/2" | 
inches square, are > used BO thet the eatire face of the steel blocks may be 
covered. | : 


. - The outside surface of each steel. ‘plock is covered with insulating mate= | 
rial and a third piece of insulation is inserted between the blocks. The ~~ 
three layers of insulating material are drilled with holes to match the holes’ 

in the steel blocks, ‘The center holes in the outside insulating blocks are” | 
slightly larger. then the holes in the steel blocks to ‘facilitate insertim of ) 
the: 1l=inch pipe line. 


“The insulation between the. steel plooke has a * mad copper gasket pressed. 
into the material.a each side of the center or pipe hale. ‘the gpekets ere 
7/6~inch in diameter and so set that the pipe may be butted snugly on both 
Gides of the insulator, A small sectim of insulatio remains betwem the 
gaskets, so that the two.sections of pipe will be insulated fran each .other. 
After a coupling is. assembledy. it. is tightly bolted. ‘The insulating bushings 
are long enough to extend through the steel plates and.into the insulating © 
material on doth ends of the coupling. A “megger” test m the assanbied 
coupling with short lengths of pipe tightly sorewed: in place indi cated a 
resistance of ako megohms between the pipe sections. 
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Synthetic rubber jacket 
Cotton braid 

1 ply steel braid 

1 ply synthetic rubber 
1 ply steel braid 
Synthetic rubber 
Center hole 


Cross sectional view of flexible cable showing lamination of materials 
| Scale=3 times actual size 


Profile view of flexible cable and coupling 
Scale= actual size 


Figure |. - Cross section of rubber-jJacketed tubing and plece of 
tubing with coupling attached. 
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Insulating 


Figure 2 


Insulating coupling parts. 


Figure 3 
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A photograph of the assanbled coupling is show in figure 2; the 
coupling parts are showm in figure 3, and a center cross-section sketch of 
the coupling is showm in figure 4. 


CONCLUSIONS. 


The recent develomments described herein virtually eliminate the 
possibilities of arcing at the face betweon Airdox lines and the treak or 
other equipment. The lines, therefore, can be kept insulated or isolated 
fran power oonductars,such as tracks and pipe lines and thus canply with the 
tiga Mine Sefety Code with regard to this requirement for Airdox. instal- 

tiqns.. 


The reinforced rubber- jacketed tubing is more easily cofled and uncoiled 
than the copper tubing; moreover, after frequont coiling end uncoiling of the 
copper tubing it breaks from fatigue of motal.. The flexibility of the rubber 
tubing should mako for longer life than for copper tubing. However, such 
rubber tubing has not been in servico long enough and has not been used ex- 
tonsiveoly enough to permit drawing sweeping conclusions as to its probable 
life as compared with coppor; therefore, comparative cost estimates cannot 
be given at the present timc, 


The mining company respmeible for the development of the insulating 
coupling has had one in service in a steel Airdox line for a cmsiderable 
time without failure. ‘The campany plans to use such insulators in the air 
lines at approximately 1,000-foot intervals, and also qe will be inserted 
near the end of the steel line close to each working face.. 


The seme company has kept a record end claims to have broken 4,000 holes 
with a single length of reinforced rubber-jacketed tubing without a tubing or 
coupling failure. 


Whether or not to connect air lines to tracks, pipe lines, or other power 
conductors is a controversial eubject. However, these recent developmmts 
appear to be the best and most practical method of preventing arcing at the 
face where Airdox is used, 
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